Plasma microparticles (MP) bear functional active ectonucleotidases of the CD39 family with implications in vascular inflammation. MP appear to be able to fuse with cells and transfer genetic information. Here, we tested whether levels of different immunomodulatory microRNAs (miRs) in plasma MP are modulated by CD39 after experimental hepatectomy. We further investigated whether horizontal transfer of miR-142-3p between mononuclear (MNC) and endothelial cells via MP is regulated by purinergic signaling. Partial hepatectomy was performed in C57BL/6 wild type and Cd39 null mice. MP were collected via ultracentrifugation. MNC were stimulated with nucleotides and nucleosides, in vitro, and tested for miR-142-3p levels. Fusion of MNC-derived MP and endothelial cells with subsequent transfer of miR-142-3p was imaged by flow cytometry and confocal microscopy. Endothelial inflammation and apoptosis were quantified after transfection with miR-142-3p. Significantly lower miR-142-3p levels were observed in plasma MP of Cd39 null mice after partial hepatectomy, when compared to C57BL/6 wild types (p < 0.05). In contrast to extracellular nucleotides, anti-inflammatory adenosine significantly increased miR-142-3p levels in MNC-derived MP, in vitro (p < 0.05). MNC-derived MP are able to transfer miR-142-3p to endothelial cells by fusion. Transfection of endothelial cells with miR-142-3p decreased TNF-α levels (p < 0.05) and endothelial apoptosis (p < 0.05). MiR-142-3p levels in MNC-derived MP are modulated by nucleoside signaling and might reflect compensatory responses in vascular inflammation. Our data suggest the transfer of genetic information via shed MP as a putative mechanism of intercellular communication-with implications in organ regeneration.
Introduction
Liver regeneration after partial hepatectomy is characterized by complex interactions of intra-and extra-hepatic responses. Increasing evidence suggests that regenerative processes might be modulated by immunomodulatory and regenerative responses from the bone marrow [1] [2] [3] [4] [5] . We and others have shown that hematopoietic stem cells (HSC) are mobilized at high levels from the bone marrow in response to surgical and pharmacological liver injury in rodents and patients [4, 6] . Administration of HSC has been confirmed in several publications to boost liver regeneration in experimental models and first clinical settings, at least in parts, by modulating vascular inflammation [7] [8] [9] .
Own observations indicate that HSC might not only be mobilized from the bone marrow, but also rapidly shed plasma microparticles (MP) in response to acute liver injury [10] . MP are small submicron membrane vesicles (≤ 1 μm), characterized by surface profiles and contents according to their cells of origin. Shedding of MP in response to cellular stress is believed to be due to a loss of membrane asymmetry, increased intracellular calcium levels, and subsequently reorganization of the cytoskeleton [11, 12] .
We have previously shown that HSC-derived MP can be divided in functionally distinct subsets according to their expression of CD39, also known as ectonucleoside triphosphate diphosphohydrolase 1 (E-NTPDase 1) [6, 10] , the dominant immune and hematopoietic ectonucleotidase. CD39 bearing cells and MP are able to phosphohydrolyse extracellular proinflammatory adenosine triphosphate (ATP) to antiinflammatory adenosine, with important implications in HSC mobilization and modulation of vascular inflammation in liver regeneration [6, [13] [14] [15] [16] . We have shown that CD39 high HSC subsets are preferentially mobilized from the bone marrow by purinergic signaling via adenosine-type P1 receptors (A2A) [6] .
Besides the potential role as potent biomarkers in liver diseases, shed MP might modulate the microenvironment at sites of inflammation. Shedding of MP might represent an alternative way of communication between hematopoietic bone marrow cells and primary liver cells, e.g., endothelial cells, during liver regeneration [17] . MP have been shown to fuse with different cell types and transfer genetic information such as messenger RNA (mRNA) and microRNA (miR, miRNA) [18] [19] [20] [21] [22] [23] [24] , which in turn are involved in the regulation of sterile inflammation and liver regeneration [25, 26] . However, mechanisms of MP shedding and transfer of information by MP, e.g., immunomodulatory miRNA, are poorly understood.
We here suggest the horizontal transfer of genetic information via shed monocyte-derived MP as a putative mechanism of intercellular communication in settings of sterile endothelial inflammation. Among other immunomodulatory miRNA tested, e.g., miR-21, our results suggest an important role of the hematopoietic-lineage restricted miR-142-3p, which is known to be highly expressed in all stages of HSC lineage during development and both necessary for immunomodulatory and regulation functions of endothelial progenitor cells. MiR-142-3p has already been described to modulate different inflammatory responses [27] [28] [29] [30] [31] and serves as a diagnostic marker, e.g., after renal transplantation or during systemic sclerosis [32, 33] .
Materials and methods

Animals
Wild type C57BL/6 and Cd39 null mice (derived as previously described [2, 34] ) were used in accordance with the guidelines from the American Association for Laboratory Animal Care and the Federation of European Laboratory Animal Science Associations (FELASA), respectively. Animal research protocols were approved by the Beth Israel Deaconess Medical Centre Institutional Animal Care and Use Committees, Boston, USA and the federal state government of Saxony, Germany, respectively.
Liver injury model
Partial hepatectomy (70%) and sham operation were performed, as previously described [2] .
Isolation of mononuclear cells and plasma-derived MP
Bone marrow was obtained from hind legs of wild type mice and was pestled using wash buffer (phosphate-buffered saline (PBS) containing 0.5% bovine serum albumin (BSA; w/v) and 0.6% citrate phosphate dextrose (CPD; v/v)). Murine bone marrow mononuclear cell (BM-MNC) suspension was filtered through a 70 μM cell strainer. Red blood cells were lysed for 10 min at room temperature (RT) using lysis buffer (1.5 M NH 4 Cl, 100 mM NaHCO 3 , 1 mM EDTA, pH 7.4; dilution 1:4). Cells were washed (10 min, 300g, 12°C) and lysis was repeated. Isolation of human peripheral blood mononuclear cells (PB-MNC) was performed similarly to the isolation of murine BM-MNC. Human PB-MNC were obtained from fresh EDTA-blood of healthy volunteers via blood lysis. Blood samples were diluted 1:4 with lysis buffer for 10 min at RT and washed (PBS containing 0.5% HSA (human serum albumin) w/v and 0.6% CPD v/v; 10 min, 300g, 12°C). Lysis was repeated three times. After the second lysis, cell suspension was filtered through a 70 μM cell strainer. MP were collected from the plasma and cell culture supernatants by two-step ultracentrifugation (10.000g for 30 min and 100.000g for 90 min), as described previously [18] . Analysis of blood samples from healthy humans for mechanistic studies was approved by the ethics committee of the University of Leipzig, Germany.
MiRNA and gene expression analysis
Total RNA (including miRNA) from MP, cells, and liver tissue was isolated using Qiazol® Lysis Reagent (Qiagen, Hilden, GER) and purified with modifications, as described in the user's manual (miRNeasy Micro Kit and miRNeasy Serum/Plasma Kit, Qiagen, Hilden, GER). Purified RNA was reverse transcribed and qPCR was performed using manufacturer's instruction (miScript System II, Qiagen, Hilden, GER; RevertAid First Strand cDNA Synthesis Kit, Life Technologies, Karlsruhe, GER and GoTaq qPCR Master Mix, Promega, Mannheim, GER) and the 7500 Real Time PCR System (Applied Biosystems by Life Technologies, California, USA). Primer sequences used for gene expression analysis (TNFa: (f) ATG TTG TAG CAA ACC CTC AAG C; (r) TGA AGA GGA CCT GGG AGT AGA T; 18rRNA: (f) ACT CAA CAC GGG AAA CCT CAC C; (r) CGC TCC ACC AAC TAA GAA CGG) and miScript Primer Assays (Qiagen) sequences of the mature microRNA (hsa-miR-21: 5′UAG CUU AUC AGA CUG AUG UUG A 3′; hsa-miR-126: 5′UCG UAC CGU GAG UAA UAA UGC G 3′; hsamiR-142-3p:5′UGU AGU GUU UCC UAC UUU AUG GA 3′; hsa-miR-146a: 5′UGA GAA CUG AAU UCC AUG GGU U 3′; hsa-miR-155: 5′UUA AUG CUA AUC GUG AUA GGG GU 3′). As internal control for the miRNA studies, RNU6 (Hs_RNU6-2-1; Qiagen; Hilden, GER) was used in murine as well as human cells and miR-39 from Caenorhabditis elegans (included in the miRNeasy Serum/ Plasma Kit, Qiagen, Hilden, GER) was used as internal spike-in control in MP. Human 18S rRNA was applied as housekeeping gene in target gene expression analysis. MiRNA target prediction was done using prediction algorithms (TargetScan; release 6.2; June 2012; http://www. targetscan.org). The qPCR results were analyzed using the 7500 Software (v2.0.6).
Stimulation of BM-MNC
Murine BM-MNC were stimulated with 100 μM ATP (Sigma Aldrich, Taufkirchen, GER), 100 μM nondegradable ATPγS (Adenosine 5′-O-(3-thio)triphosphate; Sigma Aldrich, Taufkirchen, GER) and 100 μM adenosine (Sigma Aldrich, Taufkirchen, GER) for 4 h, in vitro, respectively. BM-MNC were pre-stimulated with different adenosine receptor antagonists (theophylline: unspecific, 50 μM; xanthine amine congener (XAC): A1, 1 μM; 8-(3-chlorostyryl)caffeine (CSC): A2A 1 μM; alloxazine: A2B, 1 μM; MRS1523: A3, 5 μM; all purchased from Sigma Aldrich, Taufkirchen, GER) for 30 min. During stimulation, BM-MNC were cultured in alphaMEM (Lonza, Köln, GER) with 10% fetal bovine serum (FBS), glutamine, and penicillin/streptavidin.
Transfection studies
Primary human umbilical vein endothelial cells (HUVEC) were purchased from Promocell (Heidelberg, GER). HUVEC were cultured in endothelium media II+supplements (Promocell, Heidelberg, GER) and passaged after > 80% confluence. Cells were cryopreserved in media containing 10% dimethyl sulfoxide (DMSO; VWR, Dresden, GER). HUVEC were transfected with miR-142-3p (Pre-miR™ miRNA Precursors, Life Technologies, Karlsruhe, GER) and BM-MNC were transfected with miR-142-3p or a Cy3-labeled RNA oligonucleotide (Cy3™ Dye-Labeled Pre-miR, Life Technologies, Karlsruhe, GER) via lipofection (reagent: INTERFERin, PEQLAB, Erlangen, GER) for 24 h using manufacturer's instructions. HUVEC were activated via incubation with ATP for 30 min. After transfection, cells were harvested and miRNA as well as target gene expression analysis were performed.
Co-culture of human PB-MNC-derived MP with HUVEC
Cell numbers were adapted from Aucher et al. [35] . For fluorescence-activated cell sorting (FACS) analysis, MP of 2 × 10 7 human PB-MNC were isolated and transfected with a Cy3-labeled RNA oligonucleotide. To analyze the fusion of HUVEC and PB-MNC-derived MP, MP were generated via stimulating 4 × 10 7 PB-MNC with ATP, as described. In both cases, 180.000 HUVEC were co-cultured with MP for 5 h.
Fluorescence-activated cell sorting (FACS)
FACS analysis of HUVEC after co-culture with MP was performed on a FACS Canto II (BD, Becton, Dickinson and Company, Heidelberg, GER). After ultracentrifugation, plasma MP and MP enriched in Cy3-labeled RNA oligonucleotides from cell culture supernatant were resuspended in PBS and then measured. Cells were harvested and washed twice with PBS. To separate nonviable cells, a 7-AAD Viability Staining Solution (eBioscience, Frankfurt a. M., GER) was used according to the user's manual.
Imaging
For fusion studies of human PB-MNC-derived MP with HUVEC, the PKH67 Green Fluorescent Cell Linker (Sigma Aldrich, Taufkirchen, GER) was used for general membrane staining. After collecting MP, labelling was performed following the manufacturer's instructions and modified as described previously [36] . After staining, MP were washed through filling up the staining volume with PBS and subsequent ultracentrifugation as described previously. MP were resuspended in endothelium media. After co-culture with HUVEC for 5 h, cells were washed and fixed with 4% paraformaldehyde for 20 min. Then, cells were washed three times with PBS and nuclear staining was performed with DAPI (4′,6-diamidino-2-phenylindole; Carl Roth, Karlsruhe, GER). Fluorescence was detected using the Keyence-BZ 9000 (Keyence, Osaka, JP). Images were taken with 20× and 40× dry objectives (N.A. = 0.5).
Apoptosis assay
Apoptosis was induced in HUVEC by stimulation with camptothecin (CPT) for 24 h (positive control). The commercial PE Annexin VApoptosis Detection Kit I (BD Bioscience, Heidelberg, GER) was used following the user's manual. After performing the assay, cells were gently harvested using accutase (VWR, Dresden, GER), washed twice with PBS and analyzed by FACS.
Statistics
All results are reported as mean ± SEM. Significance were analyzed using Student's t test and Mann-Whitney rank sum test, where appropriate. Normal distribution was checked via Shapiro Wilk Test. A p value of < 0.05 was considered significant.
Results
MiR-142-3p MP levels are modulated after partial hepatectomy in a CD39-dependent manner
We first investigated plasma MP responses after partial hepatectomy and demonstrated comparable absolute MP counts in wild type and Cd39 null mice by FACS (Supp. Fig. 1 ). We then isolated plasma MP from wild type and mutant mice 12 h after partial hepatectomy and screened them for levels of different immunomodulatory miRNAs. Thus, for example, miR-155 was not detectable in these MP. MiR-21, miR-146a, and miR-126 were rather different in sham operated wild type and mutant mice, indicating either liver independent mechanisms or no differences could be observed at all (Supp. Fig. 2 ). MiR-142-3p plasma MP levels in wild type mice after partial hepatectomy were comparable to control mice undergoing sham operation (Fig. 1a) . In contrast, a five-fold decrease of miR-142-3p MP levels was observed after partial hepatectomy in Cd39 null mice, when compared to shams (12 h, p < 0.05). Further, we noted a 7.5-fold decrease of miR-142-3p MP levels in Cd39 null mice relative to wild type plasma MP 12 h after partial hepatectomy (p < 0.001).
Encapsulation of miR-142-3p in murine BM-MNC-derived MP is modulated by purinergic receptor signaling
We next tested whether miR-142-3p levels in BM-MNCderived MP are linked to purinergic signaling. Therefore, we examined if miR-142-3p levels might be modulated by extracellular nucleot(s)ides. We isolated BM-MNC from bone marrow of untreated wild type mice and incubated them with ATP, non-degradable ATPγS, and adenosine (all 100 μM), respectively, for 4 h, in vitro. Derived MP were collected from the supernatant and analyzed for miR-142-3p MP levels (Fig. 1b) . Incubation of BM-MNC with ATP and ATPγS led to slightly higher miR-142-3p levels in derived MP relative to MP shed from untreated cells; however, this did not reach statistical significance. Rather, stimulation of BM-MNC with adenosine lead to a twofold increase in the miR-142-3p MP levels, when compared to MP shed by untreated cells (p < 0.01). Interestingly, no such changes in miR-142-3p levels were evident in BM-MNC themselves (Supp. Fig. 3 ), suggesting adenosine-mediated modulations in the process of miRNA encapsulation in derived MP.
To test whether those effects are dependent on adenosine binding to P1 receptors, we next pre-incubated wild type BM-MNC with selective adenosine-type P1 receptor antagonists (Fig. 1c) . We noted significantly decreased miR-142-3p MP levels after pre-incubation of adenosine-stimulated BM-MNC with the unselective P1-receptor inhibitor theophylline (p < 0.001) and selective antagonists XAC (p < 0.05) and CSC (p < 0.01), when compared to adenosine, indicating effects to be mediated by A1 and A2A receptor signaling.
Adhesion and fusion of human PB-MNC-derived MP with activated endothelial cells
Previous studies have shown that disordered vascular inflammation is associated with exacerbated tissue damage after partial hepatectomy. Thus, we next focused on the modulatory potential of MNC-derived MP on activated endothelial cells with regard to implications in regeneration. We also tested whether human PB-MNC-derived MP are able to fuse with endothelial cells and to transfer genetic information. Liver sinusoidal endothelial cells (LSEC) would be the ideal cells for in vitro experiments, but those are not readily available, difficult to isolate, lose phenotype rapidly after isolation, and are not viable in monoculture [37] . Own in vitro experiments resulted in failed cell culturing. Isolation of LSEC is described in the Supp. File. Thus, for coculture experiments commercially available HUVEC cells were used. First, MP-derived from PB-MNC were stained by PKH67 and subsequently co-cultured for 5 h with commercially available untreated HUVEC. Fusion of MP with HUVEC could be confirmed by confocal microscopy (Fig. 2a) . MP were pictured as green dots attached to the membrane of unstained HUVEC.
Diffuse distribution of the green fluorescence dye over the cytoplasm may reveal the uptake of MP into HUVEC.
We next investigated whether human PB-MNC-derived MP might be able to transfer miRNA to endothelial cells by fusion. Successful transfection of Cy3-labeled RNA oligonucleotide to PB-MNC was confirmed by FACS analysis (Supp. Fig. 4 ). The derived MP were then co-cultured with HUVEC for 5 h (Fig. 2b) . Co-culture of HUVEC with Cy3-labeled RNA oligonucleotide bearing PB-MNC-derived MP resulted in 46.9% Cy3 positive HUVEC, when compared 16.1% achieved by the incubation with free Cy3-labeled RNA oligonucleotide (25 nM).
Finally, we tested whether PB-MNC-derived MP are able to transfer immunomodulatory hematopoietic-restricted miR-142-3p. Note that in contrast to mononuclear cells, miR-142-3p is found at negligibly low levels in endothelial cells (HUVEC and LSEC; Supp. Fig. 5 ). Human PB-MNC were stimulated with adenosine, as described earlier, for miR-142-3p enrichment in shed MP. Subsequently, these PB-MNCderived MP were co-cultured with HUVEC, which resulted in a 1.7-fold increase of miR-142-3p levels, when compared to untreated HUVEC (Fig. 2c) . To simulate the inflammatory micro-environment, HUVEC were activated with ATP before transfection. Importantly, this pre-activation was associated with a 3.5-fold increase in the miR-142-3p level compared to untreated HUVEC (p < 0.001) and a 2.6-fold increase compared to HUVEC treated with ATP (p < 0.01), respectively.
MiR-142-3p decreases tumor necrosis factor (TNF-α) expression in endothelial cells and decreases endothelial apoptosis
We have shown that PB-MNC-derived MP are potent carriers of genetic information, able to fuse and transfer miR-142-3p from hematopoietic to endothelial cells, in vitro. We next investigated the importance of miR-142-3p in modulating endothelial inflammation and apoptosis, characteristic for disordered liver regeneration after partial hepatectomy [2, 6, 38, 39] . To prove successful transfection, Fig. 3a shows HUVEC transfected with miR-142-3p (25 nM) for 24 h via lipofection, which resulted in significant increased miR-142-3p levels, when compared to controls (p < 0.05; Fig. 3a) . Pre-experiments in HUVEC regarding TNF-α expression resulted in inhomogeneous and low expression levels of TNF-α. To induce TNF-α, cultured HUVEC were activated with ATP and subsequently transfected with miR-142-3p for 24 h. Transfection with miR-142-3p was associated with a significant decrease in transcriptional levels of TNF-α by~5 0%, when compared to HUVEC incubated with the transfection reagent and ATP, respectively (p < 0.01; Fig. 3b) . Treatment with the transfection reagent and ATP also induces apoptosis (Fig. 3c, d) . Interestingly, transfection of HUVEC with miR-142-3p resulted in significant increased levels of cells alive (10-15%) and decreased endothelial apoptosis rate by 10% (p < 0.05), when compared to controls.
Discussion
Our results indicate that circulating plasma MP contain hematopoietic-restricted miR-142-3p, with levels being MiR-142-3p levels were compared to untreated HUVEC (n = 6-8, representative for 1-2 independent experiments). Shortly before co-culture, PB-MNC were stimulated with adenosine (100 μM) for 4 h to shed MP enriched in miR-142-3p. Error bars represent standard error of mean. *p < 0.05, **p < 0.01, ***p < 0.001. Cy3, cyanine 3; FACS, fluorescenceactivated cell sorting; HUVEC, human umbilical vein endothelial cells; miR, microRNA; MP, microparticles; PB-MNC, peripheral-bloodderived mononuclear cells; PE, phycoerythrin modulated after experimental partial hepatectomy in a CD39-dependent manner. Mechanistic studies, in vitro, revealed that the encapsulation of miR-142-3p in MP-derived from BM-MNC is boosted by adenosine signaling via A1 and A2A receptors. MP-derived from human PB-MNC act as potent carriers of immunomodulatory miR-142-3p and are able to fuse with activated endothelial cells. MiR-142-3p dampens endothelial activation and apoptosis, with possible implications in vascular inflammation and liver regeneration after partial hepatectomy (Fig. 4) .
Extracellular pro-inflammatory ATP is released by apoptotic and necrotic cells in response to acute liver injury [16] . CD39 is the dominant hematopoietic and vascular ectonucleotidase and, together with CD73, phosphohydrolyses extracellular ATP to anti-inflammatory adenosine [6, [13] [14] [15] . We have shown that mutant mice null for Cd39 were characterized by significantly lower miR-142-3p levels in plasma MP after partial hepatectomy (Fig. 1a) . In Cd39 null mice the phosphohydrolysis of extracellular ATP via CD39 is inhibited, resulting in an excess of pro-inflammatory extracellular ATP and shortage of anti-inflammatory adenosine. Additional evidence from mechanistic studies, in vitro, revealed that the encapsulation of miR-142-3p into BM-MNCderived MP is enhanced by adenosine signaling via A1 and A2 receptors (Fig. 1c) . Regulated ATP phosphohydrolysis by CD39 appears to be pivotal in modulating encapsulation of immunomodulatory miRNA in MNC-derived MP during liver regeneration. We noted miR-142-3p levels in BM-MNCderived MP to be modulated by CD39-dependent phosphohydrolysis of ATP. Interestingly, no such changes were evident on a cellular level in parent BM-MNC, suggesting selective purinergic modulation of mechanisms involved in MP shedding or miRNA packaging. Recent evidence suggests the secretion of RNA via MP as energy dependent [40] or with plasma membrane anchors transferring RNA and proteins into exosomes [41] . MiRNA, RNA interference essential protein human Argonaute 2 (hAGO2) as well as the target mRNA appear to be associated with processing bodies (Pbodies) and stress granules [42] [43] [44] , whereas ribonucleoproteins seem to be involved in the intracellular traffic and RNA compartmentation [21] . However, downstream pathways involved in the intracellular compartmentation and encapsulation of miR into derived MP remain poorly understood and further research is needed in this regard.
We could show that PB-MNC-derived MP attach to HUVEC after co-culture (Fig. 2a) . The ability of fusion and transfer of miRNA was confirmed by the transfer of Cy3-labeled-RNA oligonucleotides from PB-MNC-derived MP to HUVEC, in vitro (Fig. 2b) . Together, these results have important implications for the communication between bone marrow cells, e.g., HSC, and primary liver cells in liver regeneration after partial hepatectomy. Fusion and internalization of MP to recipient cells have been suggested in previous studies to be adhesion molecule and/or integrin dependent via, e.g., CD29, CD44, or CD54 [18] [19] [20] . Others suggest that fusion occurs through phagocytosis or directly fusing with the plasma membrane of the target cells [41] . Further studies are needed to elucidate the importance of proposed mechanisms in post-hepatectomy liver regeneration.
Mutant mice null for Cd39 are characterized by increased vascular inflammation, apoptosis, and attenuated regenerative capacities after partial hepatectomy. Our results indicate that, at least in parts, this might be due to attenuated immunomodulatory miR-142-3p bearing MP responses seen in Cd39 null mice. The miR-142-3p sequence is highly conserved in human and mice. Also, targets vary between the two species, the inflammation-associated targets like IRAK1/Irak1, TAB2/Tab2, TGFBR1/Tgfbr1, or BCLAF1/Bclaf1 are relevant for both murine and human miR-142-3p. We and others have shown that miR-142-3p is restricted to hematopoietic cells [45, 46] , with no relevant levels found in HUVEC and other endothelial cells. MiR-142-3p directly targets the hematopoietic stem cell marker CD133 [27, 28] . In addition, miR-142-3p influences the activation and function of T cell subsets via modulating the final cAMP levels [29] . Danger et al. describes miR-142-3p as a potential biomarker after renal transplantation with increased miR-142-3p levels in PB-MNC of operationally tolerant patients. In vitro studies suggest a role for this miRNA in modulating inflammatory responses via modulating the transforming growth factor beta 1 (TGFβ) signaling pathway [32] . Addition of TGFβ induces miR-142-3p which is described by Kim et al. associated with the regulation of the vascular smooth muscle cell phenotype [30] . Both studies suggest a negative feedback loop mechanism for anti-inflammatory TGFβ and therefore termination of the immune response.
After co-culturing MP enriched in miR-142-3p with HUVEC in vitro, the cellular level of miR-142-3p is significantly increased (Fig. 2c) . We provide evidence that upregulation of miR-142-3p levels in HUVEC leads to decreased transcriptional levels of the pro-inflammatory cytokine TNF-α, in vitro (Fig. 3b) . Our results underline results of Fordham et al., who showed that high levels of miR-142-3p in macrophages and dendritic cells lead to a decreased release of TNF-α [31] . Further studies in liver endothelial cells, e.g., liver sinusoidal or portal vein endothelial cells are needed to Inactivation of EC may also lead to a kind of feedback mechanism to prevent an abundant immune response. BM-MNC, bonemarrow-derived mononuclear cells; EC, endothelial cells confirm our results. HUVEC treated with the transfection reagent or with ATP are more apoptotic than untreated cells. This might be of importance after partial hepatectomy, as lower TNF-α levels impede the inflammation process by dampening apoptosis and inactivating endothelial cells. Furthermore, we could show an increased apoptosis resistance in HUVEC after transfection with miR-142-3p (Fig. 3c, d) . Overexpression of miR-142-3p ameliorates the rate of viable cells. Reduced apoptosis of endothelial cells and hepatocytes after injury may impact on the reversal of liver fibrosis via less activated hepatic stellate cells [47] .
Despite all, this study has some limitations. We showed that the encapsulation of miR-142-3p is ATP-dependent. But there is no evidence for a selective transport of this miRNA. There are no changes in the miR-142-3p level in the cells of origin. Furthermore, we have to assume that our isolated cells from the bone marrow and the peripheral blood and the corresponding microparticles are heterogeneous. Investigations with specific subpopulations require further refinement. It is necessary to examine the observed miRNA effects, using RNase treatment and/or specific inhibition of Dicer, which is involved in RNA interference. Furthermore, exclusion of newly synthesized miR-142-3p via detection of the appropriate pre-/pri-miRNA is needed to confirm the horizontal genetic transfer. Experiments in HUVEC should be repeated in LSEC to confirm implications in liver regeneration. Our co-culture experiments have to be understood as a proof of concept and further in vivo studies are needed to confirm the physiological relevance of proposed mechanisms. Administration of cellderived MP in mice should be part of these investigations.
In conclusion, we here provide first evidence that miR-142-3p levels in MNC-derived MP are modulated by nucleoside signaling. Our data further suggest the horizontal transfer of genetic information via bone-marrow-derived MP as a putative mechanism of intercellular communication in sterile inflammation with potential implications in liver regeneration. Further studies need to confirm whether proposed mechanism reflects compensatory responses in sterile vascular inflammation in settings of acute liver deterioration.
